is assumed to be 5.3X 10". Now we are planning to examine the properties of a single mode guide. Moreover, in order to realize a low-loss guide, it will be necessary to introduce a technique which can reduce the absorption coefficient of a polyethylene [21] , These problems will be discussed in the following papers.
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device, a mechanically tuneable 3-dB bandwidth of 210 to 240 GHz was obtained, with a peak conversion efficiency of 6 percent at 4. cm-3. The epilayer to substrate transition zone for these diodes is of the order of 1500 A. The diodes used for devices with output frequencies in the range 100-170 GHz had anode diameters of 5 pm yielding a zero bias capacitance of 21 fF, a dc series resistance of 8 Q, and a reverse breakdown voltage of 14.5 V. For the 170-260-GHz frequency range, the diodes were typically 4 pm in diameter, with a zero bias capacitance of 15 fF, a dc series resistance of 6 Q and a reverse breakdown voltage of 14 V. These parameters yield dynamic cutoff frequencies of about 3000 and 5300 GHz, respectively.
For reverse bias voltages to within 2 V of the breakdown limit, the capacitance versus voltage law for these devices closely follows the inverse half power law typical of abrupt junction varactors. However, as the bias voltage ap- Two scale models of the doubler mount, operating at a center frequency of 2.5 GHz, were fabricated in the present case, the first with a full height waveguide diode cavity and the second with the height reduced to one half of its standard value. Using these models, the embedding impedance presented to the varactor diode was determined as a function of frequency and diode cavity backshort position for frequencies up to and including the sixth harmonic of the fundamental pump frequency. These results indicate that, in either case, the diode is not terminated in a pure reactance at the third harmonic and above, allowing undesired power flow at frequencies other than the fundamental and second harmonic. However, the inductive reactance of the embedding impedance increases with frequency, resulting in a progressively poorer match between the embedding circuit and the diode impedance at the higher harmonics. As a consequence,--the coupling of harmonic power to the lossy higher order terminations would be expected to decrease with increasing harmonic frequency.
A large-signal nonlinear analysis of the pumped varactor [7] was carried out at a frequency of 70 G-Hz, assuming that the measured scale model embedding impedances are those of the millimeter-wavelength mount. The expected instantaneous voltage and current waveforms of the diode Pump Power (mW) n Fig. 2 . Predicted average forward current, maximum second harmonic conversion efficiency, and diode impedance at the pump frequency, as a function of pump power at 70 GHz. These curves are for the 5-pm diode mounted in the reduced height waveguide cavity, as described in the text.
were derived, with the diode dc bias voltage set so that the instantaneous RF voltage across the varactor diode did not exceed its reverse breakdown voltage. The analysis was undertaken for both the 4-and 5-pm-diameter diodes described previously. Fig. 2 shows the average diode forward current, the predicted maximum second harmonic conversion efficiency and the real and imaginary parts of the diode impedance at the fundamental, as a function of pump power for the 5-pm-diameter diode in the reduced height waveguide mount. Curves with similar characteristics have been derived for the 4-pm diode. The efficiency is maximized, for a given frequency and input power level, when the backshort position is such as to result in a purely resistive termination of the diode effective resistance at the second harmonic, i.e., the average diode capacitance is resonated out at the second harmonic by the reactive part of the embedding impedance.
Note that as pump power is increased above the condition for which zero forward dc bias current is drawn, the conversion efficiency decreases and the average diode resistance increases. These effects occur as a result of the diode drawing forward current over a portion of the pump cycle.
During this period of forward conduction, the nonlinear capacitance of the junction is shunted by a resistance whose value depends strongly on the forward current wriveform. The presence of this additional resistance gives rise to the noted effects.
Of the various mounts and diodes studied, the reduced height waveguide version with the 5-pm diode was found, for two reasons, to be a more desirable design at a pump frequency of 70 GHz. First, in the reduced height mount, the real part of the impedance presented to the varactor at resonance at the second harmonic is more nearly equal, when compared with the full height mount, to the effective dynamic resistance of the diode at this frequency. This results in a better impedance match between the varactor diode and the waveguide of the mount and, hence, a better conversion efficiency. Second, at the fundamental, with the 5-pm diode in the reduced height mount, the reactive part of the impedance of the diode circuit is small compared with its real part. That is, the average diode capacitance and the whisker inductance are close to series resonance at the pump frequency. In the reduced height mount with the 4-pm diode, or in the full height mount using either diode, this fesonance does not occur near 70 GHz. This condition results in a theoretical input impedance for the complete pump circuit, at, the plane of the waveguide to stripline transition, which has the frequency response and magnitude shown in Fig. 3 . Also shown in Fig. 3 is the theoretical output impedance of the waveguide to stripline transition in the pump waveguide, as a function of frequency and backshort position. It is clear from Fig. 3 , that, in order to achieve efficient power transfer from input waveguide to varactor diode, the real part of the diode input impedance must be about 45 Q However, for this to be the case, the diode must be overdriven, resulting in a degradation in conversion efficiency. Hence, there must be a tradeoff between achieving a reasonable impedance match in the input circuit and minimizing the degradation in conversion efficiency due to overdriving. The actual efficiency in a practical multiplier would, therefore, be expected to be less than the value given in Fig. 2 . Nevertheless, the impedance relationships in the input circuit are such that good performance over quite broad bandwidths should be expected, IV.
PERFORMANCE MEASUREMENTS For the narrow-band version, the peak output power was 16 mW at 145 GHz, corresponding to a conversion efficiency of 20 percent. The mechanically tuneable 3-dB bandwidth was 18 GHz, with a fixed tuned l-dB bandwidth of 8 GHz. The broad-band device tuned over the range 100-170 GHz with output power greater than 8 mW, corresponding to a conversion efficiency of more than 10 percent. At any frequency within this tuning range the fixed tuned instantaneous l-dB bandwidth was greater than 7 percent of the output center frequency. Fig. 5 shows equivalent results for a second, physically scaled version of the narrow-band doubler designed to operate in the 170-260-GHz range. When mechanically tuned over this range, the device exhibited greater than 6-mW output power for 80-mW input power, corresponding to a minimum conversion efficiency of 7.5 percent. The maximum output power obtained was 21.5 mW, corresponding to a peak conversion efficiency of 27 percent. At any output frequency, the fixed tuned instantaneous 1-dB bandwidth was typically 6 percent. Fig. 5 also presents the performance results for a tripler, with output frequency centered at 215 GHz. At the center frequency, the maximum output power is 4.8 mW for 80 mW input, corresponding to a conversion efficiency of 6 percent. The mechanically tuned 3-dB bandwidth is seen to be about 25 GHz, while the fixed tuned instantaneous l-dB bandwidth was typically 3 GHz at a center frequency of 215 GHz. o(t)= j anexp(j27rnjJ) where~0 is the fundamental pump frequency. This function has power spectrum w s(f)= 2%'~Ianl'a(f-nfo)l
Thus the output power spectrum from the interferometer for frequencies j<jU and parallel polarizers is given by .=:m (%qan,'a(f-nfo). 
